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Abstract 
The purpose of this work was to define the technical condition of the water tower building and an indication of the ways of 
repairing and strengthening the structure. The function of the building is to provide water under high pressure to water supply 
installation for a water railway distribution station. The structure was built in 1959. The building consists of four floors above 
the ground and the basement. The main masonry structure is made of brick casted on lime and cement mortar. Each story is 
separated by reinforced concrete ceilings constructed as two-way slabs supported by beams. A circumferential reinforced 
concrete water tank is situated on the top floor. The tank consists of two chambers with the total volume of 250 m3. Reinforced 
concrete stairs are located around the circumferential wall of the building and provide service and technological communication 
in the building. The roof is constructed with reinforced concrete panels. The scope of the study includes a technical condition 
assessment of masonry walls, reinforced concrete floors (slabs and beams), stairs, the tank and the dome. For this reason, 
experimental researches on structural elements were performed. Researches of structural concrete include destructive tests made 
on drilling trial elements and non-destructive tests, to qualify mechanical properties of the material. Supplementary tests 
concern the humidity measurements and concrete alkalinity examination. For detection of rebar in structural elements, scanning 
of the specimen surface was performed and the concrete cover was removed in several places. For brick walls the main 
attention was focused on moisture content measurements. Experimental investigations and on-site inspections made it possible 
to assess the level of consumption of individual elements and durability of the structure. On this basis, main guidelines for 
necessary repairs and strengthening of structural elements which endanger the safety of exploitation were proposed.  
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1. Introduction – purpose of the work 
The aim of the article is to assess the technical condition of the water tower building after 55 years 
of exploitation. Main structural elements (i.e. masonry walls, reinforced concrete floors - slabs and beams, stairs, 
reinforced cylindrical tank and reinforced dome of the tower) were examined in terms of their mechanical 
properties. On this basis, adequate methods and range of necessary repairs (strengthening) were proposed. 
 
The building serves as the water intake for the railway distribution station in Tarnowskie Góry. The function of 
the building is to provide water under high pressure to water supply installation for the water railway distribution 
station. Through a system of filters and pumps, the water is transported to the tank located on the top floor of 
the tower, and without additional energy is then distributed to the needs of the station. 
 
The structure was built in 1959. The building is a cylindrical shape with the expansion in the crown of the tower 
(water tank level) in a characteristic way – like a mushroom. The entrance to the tower can be reached by the 
ground floor stairs from the east side. The building consists of four floors above ground level and the basement. 
The main masonry structure is made of solid brick casted on lime and cement mortar. Each storey is separated by 
a reinforced concrete ceiling constructed as two-way slabs supported on the beams and cylindrical brick wall. 
On the top floor, a circumferential reinforced concrete water tank is located. The tank consists of two chambers 
with a total volume of 250 m3. The tank is covered by a technological platform made of wooden planks. The roof 
of the tower is made as a reinforced concrete dome. Service access to the tank’s chambers is possible from the top 
floor by a steel ladder. Internal reinforced concrete stairs are located around the perimeter of the building and 
provide service and technological communication in the tower.  
 
Basic characteristics of the building: 
 
x height: 30.38 m, 
x diameter of the base: 8.02 m, 
x building area: 42 m2,  
x total (usage) area: 174 m2, 
x total volume: 1393 m3, 
x water tank capacity: 250 m3. 
 
 
Fig. 1. View of the water tower (a), vertical and horizontal cross-section of the tower (b). 
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2. Experimental investigations 
2.1. Program of experimental investigations 
The tower was constructed in late 50’s and no documentation has remained to this present day. Therefore, 
the primary sources of information for the technical condition assessment were laboratory tests and on-site 
experimental investigations. During on-site inspections the main structural elements were tested in terms 
of bearing capacity and safety. Special attention has been paid to the influence of the environmental conditions 
on durability of analyzed elements. 
 
The technical condition of the following elements were examined: foundations, damp proofing, masonry walls, 
reinforced concrete floors, tank’s walls and tower’s dome, internal and external stairs. The experimental 
investigations included: destructive and non-destructive tests of concrete compressive strength, measurements 
of moisture content in structural elements, laboratory tests of concrete alkalinity (pH), and detection 
of reinforcement. On this basis, the consumption rate of individual elements has been estimated. 
2.2. Destructive tests of concrete 
The common way of measuring the strength of concrete in a structure is to cut a core sample using a rotary 
diamond drill. Despite the problems associated with this kind of tests (i.a. possibility of sample damage, strength 
dependence on the sample location, presence of reinforcement and direction of concrete casting), they are believed 
to be the most appropriate for assessment of mechanical properties of concrete. EN 13791 [1] lists situations when 
this method is particularly recommended (i.e. during assessment of structural safety in a failure situation). 
 
In order to determine the compressive strength of concrete, 3 specimens were sampled using a rotary diamond 
drill (fig. 2). The samples were taken from reinforced concrete beams supporting the tank on the top of the tower. 
The concrete cores of 100 mm diameter and length of approximately 100 mm (after cutting) were taken from 
neutral cross-sections from a tension zone of the beams (beyond the extreme bending moment areas, in sections of 
low shear force actions), to prevent reduction of load bearing capacity of the elements. Initial ferrodetector tests 
were performed to determine the distribution of stirrups and longitudinal reinforcement in the beams. Core drilling 
places were selected in areas without any reinforcement (between stirrups) according to EN 12504 [2]. 
 
 
Fig. 2. Core drilling (a), marked samples for tests (b&c). 
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On the basis of destructive tests conducted on cylinders taken from the structure, a mean compressive strength 
of concrete was calculated fcm = 28.4 MPa. The obtained compressive strength corresponds to the strength class 
C20/25 according to EN 1991-1-1 [3]. The lowest compressive strength of concrete obtained during tests on core 
drilling was fc,min = 27.6 MPa. 
2.3. Complementary scleroscope tests 
During the on-site inspections, non-destructive tests of concrete compressive strength using Schmidt hammer 
N-type were performed. The aim of the test was to verify uniformity of concrete in terms of rebound hardness (due 
to low accuracy of these type of tests for estimating compressive strength). In each measuring point, a set of six 
examinations were conducted. The scleroscope was kept perpendicularly to the surface of the element (fig. 3). The 
tests were performed on an abraded surface of the concrete, in places between reinforcing bars. 
The average number of rebound from measurements carried out on the bottom slab of the tank was 31.46. 
The maximum standard deviation was s = 4.36 (rebound number) and the maximum coefficient of variation was 
ν = 13 %. The good agreement between the results indicates uniformity of concrete. 
 
 
Fig. 3. Scleroscope test. 
2.4. Moisture content tests 
Moisture content tests were performed using an electrical moisture counter (penetration depth of the gauge is 
30 mm) (fig. 4). Subsurface humidity of structural elements (particularly brick walls, concrete floors and 
foundation walls) were measured.  
 
Rising damp actually describes the movement of moisture upward through permeable building materials by 
capillary action. It becomes a problem if the moisture penetrates vulnerable materials or finishes. This moisture 
will dissolve soluble salts from the building materials such as calcium sulphate, and may also carry soluble salts 
from its source. If the moisture evaporates through a permeable surface, these salts will be left behind and form 
deposits on or within the evaporative surface. Where there is a large evaporative surface, salt crystals are deposited 
as a salt efflorescence i.e. harmless flour-like dust on the surface.  
 
The cylindrical brick walls above the ground level had a moisture content of 0.8-4.6 %. The dampness 
in foundation walls was up to 6.1 % and in reinforced concrete elements was varying from 1.6 to 2.0 %. 
The cement-lime plasters had an average humidity of 1.2 %.  
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Fig. 4. Moisture content test with electrical counter. 
2.5. Concrete alkalinity test (pH) 
Concrete alkalinity tests were conducted in the laboratory on the specimens cut from drilled cylinders. The pH 
values were examined on three samples. The obtained results of chemical analysis, showed a similar pH value 
(above 12.0) for all of the samples. Thus, protective properties of concrete were preserved acc. to Śliwiński [4]. 
2.6. Reinforcement detection 
Location of reinforcement and concrete cover thickness measurements were conducted using ferrodetecor 
(fig.5). Tests were performed in 12 measuring points. The thickness of concrete cover in beams and slabs was 
varying from 0 to 10 mm (for stirrups) and was approximately 15 mm (for main longitudinal reinforcement). 
During reinforcement scanning, main rebars and their spacing were marked across the width of the beam. 
The stirrup distribution was found along each beam. In several places on the bottom surface of RC slabs, 
the concrete cover was removed to verify the rebars position and determine their diameter. 
 
 All the beams were reinforced with 6 bars with diameter of 22 mm in the longitudinal direction. The transverse 
reinforcement consisted of 4-arms stirrups with a diameter of 10 mm. The stirrup distribution was varying from 
~200 mm (in supports areas) to ~300 mm (in span area). The slab reinforcement was made of bars with diameter of 
10 mm with spacing of ~150 mm in both directions. The reinforcement was made of A-0 steel bars. 
 
  
Fig. 5. Reinforcement detection. 
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3. Technical condition assessment 
3.1. On-site inspection 
The experimental investigations lead to the conclusion that the overall condition of the tower is sufficient but 
not satisfactory. The on-site inspections revealed signs of partial destruction and consumption of structural 
elements. The concrete tests demonstrated uniformity of concrete and proved that the structural concrete in the 
tower’s elements met the requirement of concrete class C20/25 in terms of compressive strength. Furthermore, 
the alkalinity tests of concrete confirmed high pH value (pH = 12.0) and protective properties of concrete cover. 
In most of the measuring points, the average value of dampness in brick walls did not exceed 5 %. It is assumed 
in practise, that masonry walls with moisture content up to 2.5 % are dry. For dampness from 2.5 % to 5 % 
masonry elements are considered as slightly damp acc. to Matysek and Witkowski [5]. In the analysed building, 
in several places the moisture content was raised and required drying. The reason for this is a lack of damp 
proofing and adequate ventilation inside the tower. High local moisture content in walls and high humidity of air 
encourages growth of fungus, which has a negative influence on the water quality in the tank. Apart from this, 
visual inspections released a number of structural elements and finishing damages (i.e.: lack of horizontal and 
vertical foundation wall isolations, lack of plasters, lime-cement plasters’ defects, wet stains, salt efflorescence, 
mould, leaching of calcium compounds, leaks in the dome, cracking of structural elements, corrosion of 
reinforcement, cavities in the walls, defects in concrete elements – stairs and dome, damages of installation 
systems, flashings, gutters and downpipes damages causing flooding of the building with rainwater) (fig. 6). 
What is more, the surface defects (i.e. micro-cracks and leaks) were noted on the cylindrical walls of the tank. 
Special attention has been paid to crucial area of the beams’ supports where concentrated loads are transferred to 
the cylindrical walls. Many caverns, voids and non cemented (not filled with mortar) bricks were found near 
the supports in the brick walls. 
 
 
Fig. 6. Other defects: a) cracks and wet marks, b) leaks and uncovered reinforcement, c) hydrochloric bullous,  
d) reinforcement corrosion, e) lack of concrete cover. 
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3.2. Static-strength analysis 
In order to investigate the behavior of the tower, an FEM model (fig.7) was prepared. Static-strength numerical 
analysis of the tower was founded on the obtained results from experimental investigations.  
 
The basic concrete mechanical properties were assumed as equal to the concrete mixture class C20/25 with 
gravel aggregates. Due to lack of corrosion signs on the rebar in RC beams, for static-strength calculations 
parameters of steel grade A-0 were adopted. During on-site inspections, surface corrosion in reinforcement of slabs 
and the dome was observed. Therefore, the cross-sectional area of the reinforcement in those elements was reduced 
to 82 %. The reduction coefficient was proposed on the basis of measurement of the actual diameter of bars using 
a caliper. The creep coefficient for concrete was calculated for RC elements after 55 years of exploitation in cyclic 
dry and wet environment which corresponds to class designation XC4. The load bearing capacity of 
circumferential brick walls was reduced by 10 % due to poor condition of mortar joint in several places. 
 
Numerical analysis confirmed that the future operation of the water tank tower is possible after necessary 
structural and surface repairs. The elements were loaded up to 92 % of their load bearing capacity (basing on 
reduced mechanical properties and equivalent cross-sections). 
 
 
Fig. 7. The numerical model of the tower. 
4. Proposed strengthening methods and repair recommendations 
The foundation walls of the tower need to be dried, cleaned and equipped with heavy type waterproofing (e.g. 
made of bitumen). Also a new basement floor and its waterproof isolation have to be made.  
 
In raised dump areas, where water is absorbed into the porous wall material and is transported above the water 
line, the problem is caused by a lack of a damp-proof course. Therefore, a horizontal barrier to protect the walls 
against ground water should be done acc. to Jasieńko et al. [6]. Out of several available methods, an injection of 
a liquid damp proof course (DPC injection) was chosen as a proper course for the tower’s walls. Proposed 
horizontal waterproof barrier could be done by using unpressurised injection chemical fluid consisting of silicate-
based esters. The injection is a very thin fluid resin which penetrates into the smallest capillaries in the building 
material, stops the capillary action permanently and also has a hydrophobizing effect. Boreholes are drilled 
regularly spaced depending on the wall thickness. For the tower, boreholes should be drilled with a diameter of 12 
mm, drilled approximately 10 cm above the floor with the axial spacing of 10-12 cm. The drillings ought to be 
realized in a row, on one side of the walls in the tower (the thickness is ~70 cm). In the case of walls thicker than 
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80 cm the holes should be drilled from both sides of the walls. The holes should be drilled to a depth of about 5 cm 
smaller than the thickness of the wall. After drilling it is necessary to blow the holes with compressed air, and then 
embed the injection tubes. The liquid is injected without pressure into the wall via the suction angle and the 
capillary rod which acts as a wick until its full saturation. The pressureless system uses the same capillary action 
which is the cause for rising damp. Thereby rising moisture is stopped with the aid of its cause.  
 
Damp and biologically corroded plasters should be removed from internal and external surfaces of the walls. 
The damaged or poor quality mortar joints should be removed and remade to a depth of 2 cm. Efflorescence of 
calcium compounds and other pollution on the walls and plasters have to be removed mechanically. In areas where 
fungus occurred, fungicide remedy has to be used for cleaning. Cleaned and dried surfaces of the wall should be 
primed with silicate primer, deep penetrating and binding salts in the wall. On prepared and protected substratum a 
new cement-lime plaster can be realized. 
 
The beams support areas on the brick walls are sensitive places exposed to large local pressure. Therefore, 
during the renovation work of the tower, the support areas have to be filled completely with liquid concrete 
mixture. The voids and holes should be bricked using the full brick of class 15 MPa on a mortar M5. 
 
In case of small concrete repairs and maintenance, a fast and easy solution is to use the fine-grained mineral 
repair mortar on the cement base with additives and quartz sand. Such concrete replacement can also fulfil a role of 
an additional steel protection barrier against corrosion. Repair mortar replaces: the bonding agent, the repair 
concrete and the spackle. For reprofiling and concrete replacement in larger areas, the cement repair mortar or fine-
grained high bond concrete mix is suitable for trowel application and can be spray applied as well. Large cracks in 
reinforced concrete elements should be sealed with elastic resin injection. The material is applied onto the 
prepared, stable substrate which must also be free of bond inhibiting agents.  
 
Preparation of substrate includes the following works acc. to Czarnecki and Emmons [7]:  
 
x remove of coatings and paints, surface contaminants, laitance and weakly bound layers of concrete, 
x remove of substances that impair adhesion between concrete and repair mortar, 
x remove of corroded and weak concrete cover,  
x clean up of exposed reinforcing bars rust. 
 
Active and leakages in the tank’s chambers walls have to be sealed by water stop mortar. The fast setting plug 
mortar swells slightly and closes the leakage instantly. Injection material firstly stops the water from flowing and 
secondly closes the crack elastically and permanently. In order to seal the cracks permanently the cracks have to be 
injected with the elastic resin. Before imposing the mortar, the concrete surface should be mechanically cleaned. 
The substrate has to be unburdened. Water stop mortar should bond very well to damp substrates, can be applied 
easily and sets quickly, can even be applied under flowing water. The sealing slurry comprises crystallizing 
substances and seals the pores in the substrate, so the coating has a very dense structure and a small amount of 
pores.  
 
Pipe connections to the tank concrete structure need to be injected separately with the use of elastic resin with 
a consistency of gel. Roofing cover and rainwater drainage have to be changed. External staircase needs to be 
rebuilt. 
5. Final conclusions 
In the analyzed tower, a wide variety of defects were found resulting from the consumption of a building which 
is listed above. Experimental investigations and laboratory tests of building materials enabled authors to prepare a 
detailed assessment of the technical condition of the structure. The tests results were used to define material 
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parameters for static-strength analysis. On the basis of numerical analysis, it was found that the main elements of 
the tower meet the conditions of the ultimate and serviceability limit states. However, based on the analysis of the 
technical condition, it was found that the object is in a poor technical condition in terms of its durability. 
The building requires urgent emergency renovation work in order to improve the exploitation safety. 
 
Determined experimentally masonry moisture content does not reduce significantly the load bearing capacity of 
the walls. Raised structural dampness and wet stains in brick walls require drying due to exploitation conditions. 
Cavities and voids in brick walls need to be filled with bricks. Plasters on wall also need renovation. Reinforced 
concrete elements necessitate repair work associated with: ensuring the corrosion protection of steel reinforcement, 
supplementing cavities and voids of concrete cover, improving the durability of structure. 
 
Ongoing work in the facility should be extended to detailed supervision. There are potentials for the occurrence 
of hidden defects, as a consequence of improper construction of the structure or acquired during many years of 
exploitation. Systematic verification of strengthening assumptions is required during realizing renovations works. 
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